Abstract: Digital Holographic Microscopy produces quantitative phase analysis of a specimen with nanometric (sub-wavelength) precision. The deformation caused by optical pressure can be observed and used to calculate physical properties of a biological cell.
Introduction
In order to study cellular characteristics, it is important to use techniques that affect the subject as little as possible.
Previous studies have been done to measure intercellular and cell membrane properties using manipulation with laser light by and intermediate beads. These beads may be attached to the cell membrane [1] or inserted into the cell and attached to the cytoskeleton [2] . These beads would then be optically trapped in order to perform the experiments. These techniques would, of course, be improved upon if it were not necessary to use intermediate beads which may cause some mechanical change to the cell and cell membrane. Furthermore, using a focused laser beam to directly, optically trap portions of the cell can lead to problems of overheating as well as unintentional local mechanical property changes due to large refractive index materials being pulled toward the focus [3] .
Our approach is to apply optical pressure using a broad wavefront over the surface of the cell without the use of intermediate materials or invasive focus. We then observe and measure the resulting deformation using a MachZehnder configured digital holographic microscope. This provides us with a noninvasive tool to produce quantitative phase images and movies of the cell throughout the process. We can therefore measure the deformation of the cell with nanometric precision enabling the possibility of calculating cell mechanical properties using "lightonly" manipulation and imaging techniques.
Figures and Tables
A qualitative computer simulation has been written to show the the expected observable result. The cell was modeled as a circle of "jelly" which can be seen in figure 1 under only gravitational forces sitting on a flat surface (such as a glass slide). Surface tension of the cell membrane is modeled with spring constants between points around the perimeter and, likewise, across the cell to simulate an internal cell-like firmness. Figure 2 shows the OSA / BIOMED/DH 2010 JMA23.pdf effect of a simulated broad wavefront of laser light incident from above the cell. The lines about the surface of the cell represent the resulting force vectors due to optical radiation pressure. It should be noted that the vectors are all pointing in the outward direction. The reason for this will become apparent in in the equation section which follows.
Equations
Our simulation and expected results are based on conservation of momentum considerations as described by equation 1: OSA / BIOMED/DH 2010
where the momentum of a photon in a medium of refractive index ni is multiplied by N, the number of photons, T and R are the transmission and reflection coefficients, and p(vector) is the momentum transfer to the interface of the media. By solving this equation for the simple case of a flat interface with normal incident photons:
it becomes easy to see that the direction of momentum transfer, and therefore the deformation of the interface, will always point in the direction of the smaller refractive index material regardless of the direction of beam propagation. This is because a photon gains momentum when moving into a higher refractive index medium. This phenomenon was shown by Ashkin and Dziedzic in 1973 [4] .
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